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The superfluid phase of liquid 4 He exhibits two-fluid behaviour 1 : a normal fluid, carrying all the thermal energy, coexists with a superfluid component. The proportion of superfluid falls from unity to zero as the temperature, T, rises from zero to the λ-transition 1 . In a thermal counterflow, the normal-fluid velocity, v n , is related to the heat flux, q, by
where  is the total density and s is the entropy per unit mass 1 . Above a certain critical heat flux, superflow is known to become dissipative (quantum turbulence) 2-3 . A mutual friction force between the two fluids arises through the interaction between quantized vortices and the normal fluid 9 . This type of quantum turbulence is maintained by the relative motion of the two fluids, through processes that are reasonably well understood [2] [3] . Features in the observed relation between vortex density and heat flux suggest that the normal fluid may also become turbulent, and mutual friction has been shown theoretically to induce an instability in the laminar flow of the normal fluid 4 . Satisfactory evidence for such normal-fluid turbulence can come only from a visualization of the normal-fluid flow. Techniques for such visualization have recently started to be developed. Turbulence in both fluids has been observed in other types of flow 10 in liquid helium, such as that behind a moving grid 11 . But in those cases the two fluids are not forced to have any relative motion, and behave like a single classical fluid, exhibiting a Kolmogorov energy spectrum 1 . Simultaneous turbulence in both fluids in a counterflow must be different, and it would be a type of turbulence that is new to physics.
Past experiments on the visualization of thermal counterflow have used micronsized tracer particles formed from polymer spheres or solid hydrogen, and they have been based on either Particle Image Velocimetry 12-13 (PIV) or particle tracking techniques [14] [15] [16] .
The PIV data obtained at large heat fluxes are hard to interpret since micron-sized particles can be trapped on the quantized vortex lines. Fig. S1 ). These molecules can act as tracers that follow the motion of the normal fluid. Their small size (~ 1 nm) means that they are not trapped by vortices at temperatures above 1 K 19 , and scattering by vortices is likely to have a negligible effect. In this paper, we report the results of visualization studies on the normal fluid in a thermal counterflow using these molecules.
In one experiment, we used a molecule tagging technique 8 to visualize the velocity profile of the normal fluid. The experimental set-up is shown in Fig. 1a . A counterflow channel, consisting of a square borosilicate glass tube (8 cm long, 5 mm inner side width) with one end sealed to a stainless steel flange (see Fig. 1b ), was installed in a helium cell.
Two sharp tungsten needles were clamped inside the steel flange and surrounded by a copper ring electrode as a field emission source. When a negative voltage with amplitude greater than the emission threshold (roughly -500 V) was applied to the needles, electrons were emitted from each needle and moved into the copper electrode. Metastable helium molecules were produced near the needle apexes 7, 20 with a rate on the order of . Our data suggest that the exponent of t for normal-fluid turbulence in a counterflow is close to 4, which means the turbulent energy spectrum is not of the Kolmogorov form. Further experiments will be conducted, and we are developing a theory that will relate the exponent of t to the exponent of k in the energy spectrum. Knowledge of the turbulent energy spectrum in the normal fluid in a counterflow will be valuable to understand this new form of turbulence. We emphasize that the heat fluxes at which we see evidence for turbulence in the normal fluid are significantly larger than those studied by Paoletti et al 14 .
To measure the normal-fluid velocity at small heat fluxes, we used a cluster tracking 
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Section 2 -Description of the pulsed lasers
The pulsed lasers we used in the molecule tagging experiment are Nd:Yag pumped Optical Parametric Oscillators (EKSPLA Model NT342/1). The lasers produce 4 ns pulses with a linewidth less than 5 cm −1 and their output wavelengths can be tuned from 420-2300 nm. They have a maximum pulse energy of 9 mJ above 700 nm, and the repetition rate can be changed discretely from 0.1 Hz to 10 Hz. In the cluster tracking 20 experiment, the pulsed laser at 905 nm is an OPO-based laser system using a diodepumped Nd:Yag with a fixed repetition rate of 500 Hz. Its intensity in the experiment is about 300  J/cm 2 per pulse.
Section 3 -Image acquisition
We obtain images with an intensified CCD camera (Princeton Instruments PIMAX). A notch interference filter, centered at 640 nm, is placed in front of the camera to prevent any laser light or unwanted fluorescence from reaching the camera. The photocathode of the camera can be gated on and off externally. For images taken in the molecule tagging experiment, the gate signal of the camera is synchronized to each probe laser pulse, and the photocathode is gated on for only 6 s  so as to minimize the dark current. The fluorescent light from a line of tagged helium molecules induced by a probe laser pulse is recorded on the CCD. To achieve high image quality, at each given pump-probe delay time, up to 40 images were superimposed. In the cluster tracking experiment, the gate signal (6 s  duration) is synchronized to the pulsed laser at 905 nm whose repetition rate is 500 Hz. The exposure time (shutter open time) for each image is 20 ms, during which the molecules are exposed to 10 laser pulses.
